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ABSTRACT
Globally, 1 billion people live in informal settlements, which are typically highly susceptible to fire.
Small fires can quickly evolve into large conflagrations causing significant losses of life and property,
injuries, and subsequent exacerbation of residents’ existing vulnerabilities. Informal settlement
fires are a complex socio-technical phenomenon which involve a combination of fire dynamics,
structural and behavioural response. These fires are not broadly researched nor are they well
understood. In this paper, the authors attempt to illustrate this multi-faceted issue and provide
recommendations to help guide future research.
Emphasis is placed on human behaviour in response to fires, including fire response activities by
residents and city fire brigades. The case study presented in this paper is a 2019 fire which occurred
in El Pochote, an informal settlement located in San José, the capital of Costa Rica. Through the
Costa Rican Fire Corps, video footage recorded live and in-situ (70 minutes) of the brigades’ and
residents’ actions in this event was obtained. This video shows real-time human behaviour and fire
response activities, as well as complex fire dynamics and resulting structural reactions. It is clear
from this footage that human behaviour responses to informal settlement fires are highly coupled
with local context and specific situations, demonstrating limitations with extending observations
from a specific case study to informal settlements more broadly.
This paper introduces a methodology for situational analysis and documentation of human
behaviour responses based on video footage of informal settlement fires. It provides key insights
to how key stakeholders such as the Costa Rican Fire Corps, the police and informal settlement
dwellers interact with each other and respond to fires in informal settlements in Costa Rica. These
results form a first-stage contextualization of informal settlement fires in Costa Rica, which can be
used to inform the Costa Rican Fire Corps, non-governmental organizations and other stakeholders
that may be able to support fire safety improvements in Costa Rican informal settlements. Despite
the challenging nature of studying human behaviour from real-life footage, the authors aim to
establish a foundation for future research in compiling evidence of human behaviour in informal
settlement fires across different countries.
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1. INTRODUCTION AND MOTIVATION
There is currently a global trend of population growth, and it is expected that the world
population will rise 13% by 2050 [1]. This growth will be unequally distributed geographically,
driving a continuous and faster urbanization in low to middle income countries [1]. This can be
observed in San José, Costa Rica, where the employment opportunities presented to the
population in the Great Metropolitan Area are greater than in the countryside. This is leading to
the migration of the population from rural to urban areas. However, a lack of affordable housing
in cities has resulted in the creation of new informal settlements in and around San José and
increasing densities of existing informal settlements in the area.
UN-Habitat defines ‘informal settlements’ as “residential areas where inhabitants have:
• No security of tenure vis-à-vis the land or dwellings they inhabit;
• Neighbourhoods usually lack, or are cut off from, basic services and city infrastructure;
• Housing may not comply with current planning and building regulations, and is often
situated in geographically and environmentally hazardous areas.” [2]
Considering the extensive degrees of spatial, social, economic, and political marginalization people
living in informal settlements often experience, it is critical to acknowledge that ‘informal’ does
not mean illegitimate or temporary. The lack of formality associated with informal housing is
generally the result of historic prejudices or conflicts, governance failures, and failures in
socioeconomic and political systems. Regardless of the root causes, people living in informal
settlements bear the burden, often with increased exposure to hazards and substantial
vulnerabilities – potentially leading to additional consequences. Poor people are nearly twice as
likely to live in fragile dwellings, and while not all people living in informal settlements are poor,
there are positive correlations between poverty and informality [3]. Spinardi et al. [4] stated that
it is widely believed that the fire problem is greater in the poorer economies of the world, and
particularly in informal settlements, and better data collection and statistical analysis would be an
important step towards addressing this problem.
Fire risk in informal settlements is a function of complex interactions between the built
environment, the natural environment, and people. The high density of dwellings is one factor.
The use of combustible construction materials, like timber, plastic, cardboard, and steel sheets, in
close proximity is another. Open cooking, issues with lighting and poor electrical connections
present ignition sources. Research from South Africa found flashover inside local informal
settlement dwellings can happen in less than a minute, and there’s little time before it spreads to
adjacent dwellings [5]. Fires in informal settlements often spread between dwellings and can
quickly evolve into large conflagrations, influenced by wind and other environmental factors. Fire
services response to informal settlement fires is often hampered by delayed notification,
challenges finding the location of the fire, poor access due to a lack of road infrastructure and low
hanging electrical wires, limited water infrastructure to support firefighting efforts, and in some
cases, social tension with residents, where the fire services response is perceived to be too slow
by residents, for example.
1
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Many people living in informal settlements incrementally upgrade and expand their dwellings over
time. In Costa Rica, some houses are several stories high, which can increase fire risks when
compared to the single-story houses due to factors such as increased ignition risks (linked with
population density), higher fuel load densities, and higher likelihood and consequences of
structural collapse during a fire. Multi-story dwellings also pose direct risks to life, due to potential
delays or complications with evacuation or search and rescue activities. Figure 1 depicts the
construction of houses with several stories in La Carpio, an informal settlement in San José.

Figure 1. Multi-story houses in La Carpio (source: author’s photo. May 7th, 2019)
According to the census carried out in 2011 by the Costa Rican National Institute of Statistics and
Censuses, there are around 418 informal settlements in the country, which house more than
220,000 inhabitants. Costa Rica has a population of 5 million at the time of writing, meaning more
than 4 percent of the country’s population live in informal settlements. The metropolitan city of
San José hosts approximately 104 informal settlements, making it the city with the most informal
settlements in the country [6].
According to fire reports from the Engineering Unit of the Costa Rican Fire Corps, the number of
fires in Costa Rican informal settlements has been fluctuating over the last five years [7], though
information is sparse to the accuracy of this reporting (fires may be underreported or handled
internally without reporting). In 2018, the Engineering Unit reported a total of 1126 structural
fires, of which 50 fires occurred in informal settlements [7] [8]. Within all of the structural fires, it
was reported that a total of 30 people perished due to fire-related incidents [8], which is the
highest number observed in the previous nine years [9].
In 2019, two large-scale fire tragedies occurred in informal settlements in San José. The first fire
occurred in a leased dwelling located inside the informal settlement called La Carpio on April 13th.
Seven people died in this isolated house fire [10]. Figure 2 is an image of this dwelling after the
fire, which was constructed of masonry and concrete, and bound on all sides. The other fire
occurred on September 16th in El Pochote, an informal settlement located in the Barrio Cuba
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region. This fire spread through forty dwellings and left 219 people homeless [11]. Video footage
of the development and responses to this fire, as well as post-fire damage, was obtained by the
authors for analysis through the Costa Rican Fire Corps.

Figure 2. Post-fire in La Carpio, Costa Rica (source: authors’ photo. May 7th, 2019)
Over the past 5 years, there has been an emerging field of research into fires in informal
settlements. While this is not a new problem or the first research in this area, recent efforts have
been at a much larger scale and with stronger dissemination and communications than previous
decentralized efforts. Globally, there is growing recognition of the importance of addressing fire
challenges in these contexts. For example, Arup developed a framework that proposes a holistic
sociotechnical approach to fire safety in informal settlements [12]. Referencing the widely used
disaster cycle, the framework aims to establish an accessible common language to promote
collaboration among diverse stakeholders. It provides a conceptual framing for fire safety
challenges and opportunities in these complex environments and introduces a resilience-based
approach to fire safety. The framework specifically addresses cultural differences and beliefs that
may present challenges in considering fire safety or evacuation strategies [12].
Another example is a research project known as IRIS-FIRE, developed by engineers and social
scientists, which is looking to improve the resilience of informal settlements to fire [13]. Conducted
by the University of Edinburgh (United Kingdom) and Stellenbosch University (South Africa), IRISFIRE focuses on informal settlements primarily located in the Western Cape province of South
Africa [13]. At the time of writing, a literature review of the work completed by IRIS-FIRE shows
3

Human Behaviour in Informal
Settlement Fires in Costa Rica

their research efforts were concentrated on two categories: technology/modelling and full-scale
experiments for understanding fire dynamics, structural and material response. For example,
Gibson et al. [14] published a paper which outlines a new approach to mapping historic and
ongoing fires in informal settlements using Sentinel satellite imagery. Others focused on modelling
fires and predicting their spread in informal settlements by using B-RISK technology [15] and Fire
Dynamics Simulator [16]. IRIS-FIRE conducted several outdoor full-scale fire tests on
representative informal settlement dwellings to analyse compartment fire behaviour and fire
spread between dwellings. Informal settlement fires in the Western Cape often spread between
dwellings and through communities due to high densities and proximities of dwellings [17]. Factors
such as heat release rates (HRR), heat fluxes, time of ignition, and the effect of fuel load were
studied through experimentation. Based on this research, methods have been proposed to limit
fire spread and reduce fire risk generally. Recently, these researchers have begun collating videos
of real fires in South African settlements and are beginning to consider human behaviour [18].
Even though there has been some seminal research, there are still significant gaps in informal
settlement fire safety research. Scientific research of human behavioural responses to fires in
informal settlements is severely lacking. There is no study, to the authors’ awareness, which links
current behavioural theories to informal settlement fire scenarios. This is despite recent
advancements in the development of modern behavioural theory frameworks for fire generally.
For example, Kinsey et al. [19] have studied the role of cognitive biases in behaviour during fires
and provided short statements to help practitioners contextualize a person’s decision-making
process during a fire. Cognitive biases, however, have been associated with inaccurate
judgements, as shortcuts used for decision-making can sometimes lead to important information
or actions being overlooked [20]. Another theory is the Protective Action Decision Model (PADM)
[21]. PADM is a provisional multistage decision-making model based on the research of people’s
responses to environmental hazards and disasters – it attempts to describe the pre-decisional and
decisional sequence of action making. PADM integrates the processing of information derived
from social and environmental cues with the messages transmitted through communication
channels [21]. In previous research, PADM has been adapted to households’ response to bushfire
threat. For instance, research conducted by Folk et al. [22] aimed to create a survey to collect
further information about the factors influencing protective action decision making during
wildfires. As well, Strahan and Watson’s study addresses the question of how PADM can be applied
to the analysis of behaviour in Australian bushfires and North American wildfires [23]. More
recently in the context of mass gatherings, social identity and influence theories have also been
proposed to help describe decision making within a group [24]. That research implies that during
a fire or emergency, a collective (shared) approach to decision making can occur, though this is
still emerging with more research attention in the context of evacuation or fighting of fires. These
frameworks are only a few of the many behavioural frameworks currently being developed and
explored by researchers in fire safety.
While these behavioural theories provide insights to the way people process information in
emergency scenarios in general, their relevance to the way people behave during fires in informal
settlements is not yet known. Applying these theories (and others) in this study could generate
inaccurate outcomes since there is insufficient data for validation, resulting in bounding the
4
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behaviours observed in frameworks which may not necessarily be appropriate. Empirical evidence
from several informal settlement fires in similar contexts is needed to enable observations of
common behaviours and to better understand the interactions between people, their
environment, and fire. Current knowledge gaps around fire behaviour in informal settlements
compounds uncertainties associated with linking human responses to environmental cues for
example. While it is premature to apply existing behavioural theories to informal settlement fires,
and it is possible entirely new frameworks may need to be developed, studies as herein can
contribute behavioural observations from real fire incidents.
Using the obtained video footage of an informal settlement fire, this first stage research attempts
to consider four principal goals that begin to address the identified research needs: (1) to collect
human behaviour and fire evolution data in an informal settlement, (2) to illustrate some of the
key variables that make informal settlements fires difficult to study, (3) to consider the challenges
faced when extending observations beyond a specific fire, and (4) to propose a methodology for
collection of behavioural data in informal settlements for post fire analysis of other informal
settlement fires in the future. By compiling a body of evidence of human and fire behaviour in an
informal settlement fire, this study aims to support future research efforts and to enable the
eventual development of a fire response framework for informal settlements in Costa Rica.

2.0 FIREFIGHTING AND EMERGENCY RESPONSE PROCEDURES
2.1 METHODOLOGY
To holistically understand informal settlement fires, it is important to seek the perspectives
of key stakeholders, namely residents, firefighters, and others who support communities in times
of crises such as during or after a fire. Due to ethical concerns, it was not possible for the authors
to engage directly with the residents involved in informal settlement fires (further details in section
3.0), but the authors were able to engage with firefighters in San José, who offered valuable
insights about fire responses in informal settlements.
Through this project, two sessions of informal and semi-structured oral interviews were carried
out in two fire stations in San José (four sessions total), with a total of 20 firefighters interviewed.
These interviews were undertaken over two working days per station, to allow information to be
obtained from different firefighters due to shift work. The first interviews were carried out at the
Barrio México station, where the interviews were carried out with individual firefighters. The
second set of interviews were performed at the Pavas station, where the interviews were
performed in groups (as per the station’s preference). These two stations were selected due to
the relatively large number of informal settlements they are responsible for in the case of fire,
with Pavas being the station that handles the most informal settlement fire cases in the country.
The interviews were carried out in Spanish and audio-recorded, after which they were transcribed
and translated to English. The questions were formulated to be semi-structured and open-ended.
The questions prompted firefighters to share details from their past experiences responding to
informal settlement fires, with particular attention on firefighting challenges,
similarities/differences between fighting fires in the suburbs in contrast with informal settlements,
and their observations and perceptions relating to human behaviour during these fires.
5
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Table 1. Fire Fighter Survey Themes and Relevance.
Themes
Causes of the fires

Relevance
The main issues that cause fires in informal settlements

Fire detection and warning

Identifying systems that are used for fire detection and
warning, and their effectiveness.
Identifying factors that affect firefighter response time to a fire
incident in an informal settlement.
Identifying factors that affect firefighting efforts to contain and
extinguish the fire, including comparison of attendance to fires
in these regions versus fires in the suburbs.
Identifying tools, techniques and products used for firefighting,
considering possible differences in fire behaviour and access
compared to fires in the suburbs.
Determining how the Fire Corps engage with communities for
fire prevention, including what type of advice or preventive
measures they provide.
Feedback of past experiences could help to better address the
problem.

Response time
Fire containment
extinguishment

and

Strategies and equipment
used to fight fires
Advice for communities
Experience in past events

Table 1 shows a summary of the themes selected to formulate the questions and their relevance
to the study. The following questions were then formulated and posed to the interviewed
firefighters. These questions were chosen to inform the authors’ understanding of pre-decisional
and decisional behavioural responses of residents as well as the interacting actions of the
firefighters:
•
•
•
•
•
•
•
•
•

What are the main causes that start fires in informal settlements?
What is the process and duration between fire detection and when the station is informed?
What is the approximate response time it takes to service a fire in this area?
Which factors influence the time it takes to put out a fire?
What difficulties do you face in extinguishing a fire in an informal settlement as opposed
to in the suburbs?
How do you extinguish fires, what equipment, techniques or products are used?
What preventive measures or recommendations are offered to the population inhabiting
informal settlements?
What would you propose to reduce fires in this type of settlement?
Could you tell me about your experience with fires in this type of settlement?

2.2 RESULTS
The questions were formulated under specific themes as described in Table 1, therefore, the
results are discussed herein under the same theme headings.
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2.2.1 CAUSES OF THE FIRES
While some fires in San José informal settlements had unique causes, all of the firefighters
interviewed indicated that many fires had causes related to the following:
•
•
•
•
•
•
•
•
•
•

Electrical connections in disrepair and short circuits;
Cooking with open flame (including irregular ground causing stoves to fall);
Poorly maintained and manipulated gas cylinders;
Arson;
Dwellers performing welding tasks near combustible materials (e.g., mattresses);
Attempted controlled burns of wires (for the collection of metal);
Self-ignition of dry grass;
Lit cigarette butts;
Candles or wood-burning cookers left on without surveillance; and
Children playing with matches, candles or left alone in their houses.

Firefighters also noted some informal settlement residents store hazardous items like buckets with
sodium hypochlorite or pool chlorine. The interviewed firefighters have attended emergencies
involving chemical reactions that can cause injuries (e.g., irritation to respiratory tract) or lead to
fires.
Firefighters indicated there is a relationship between seasonality (time of year) and the occurrence
of certain fire causes. They noted, for example, that most fires are related to non-controlled (selfignition due to heat or sparked from other sources) grass burns which affect the surrounding
structures in the dry season (December to April, low humidity). Similarly, in the rainy season (May
to November), the most common cause of fire is short circuits in electrical connections presumably
due to higher humidity. However, the frequency of fires in informal settlements and their causes
are not recorded in a consistent systematic way, so these insights are based on firefighters’
perceptions.
At the time of writing, only fires which meet the following criteria are recorded and investigated
in Costa Rica: accidents that involve deaths; fires in hospital, penitentiary, public meeting, state
buildings or educative centres; fires that burn more than 100m2; fires where the time required to
control them surpass 30 minutes after the dispatch of units; and fires in structures with an
insurance policy. Fire investigators try to identify fire origin, cause and other relevant information.
This data is then processed with the Judicial Investigation Corps to verify it. The produced report
is not typically shared with the public, unless a request is approved.

2.2.2 FIRE DETECTION AND WARNING
At the time of writing, the only emergency alert system in use in Costa Rica is phone dialling 9-11. This service is managed by Emergencias 9-1-1 Costa Rica and the dispatch of the fire units is
managed by the Operational Communications Office (OCO) which belongs to the Costa Rican Fire
Corps. When the 9-1-1 service receives a call, they either verify it by calling back the person who
7
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reported the incident, or consider it to be verified if they receive several calls from different people
regarding the same incident. Once verified, the information is transmitted to the OCO, which
communicates to the corresponding station via radio to dispatch the units. For informal settlement
fires, the only difference in the emergency alert process is the verification of the call. When the
call is received, the 9-1-1 service immediately communicates to the OCO and they make the
dispatch. The verification process is carried out while the units are on their way. This procedure
has been streamlined by firefighters because they acknowledge fire spreads in informal
settlements faster than in other areas, such as in the ‘formal’ residential areas.
No information is available regarding informal settlement residents’ awareness or willingness to
use the 9-1-1 service. This is a research gap that could be explored in future studies including
community engagement.

2.2.3 RESPONSE TIME
The firefighters interviewed estimated that five minutes elapses from the time a 9-1-1 call is
received until units are dispatched via radio communication. The travel response time for units to
reach the incident varies based on factors such as traffic, weather conditions, and the availability
of the units. Access to the location of the fire can be a significant issue because the streets in
informal settlements are often too narrow to allow fire truck access. Firefighters are therefore
required to access the fire incident by foot, resulting with delays in the initial response and
challenges with subsequent firefighting efforts.
The El Pochote settlement (described in Section 3.0), for example, can only permit the use of fire
trucks along the exterior of the settlement. Alleyways that lead to the centre of the community
can be as small as approximately 1m in width (based on video observation). Around 75% of the
firefighters interviewed commented that the people living in informal settlements often guide
them to the fire through paths which are unknown to the fire brigades, helping them to get to the
site.
The firefighters interviewed did not indicate any issues regarding delays in response due to tension
with the residents upon arrival. However, they did indicate it is common procedure to involve the
police when responding to informal settlement fires, whose responsibilities include crowd control.

2.2.4 FIRE CONTAINMENT AND EXTINGUISHMENT
Firstly, it should be acknowledged that there is a complex relationship between the specific fire
scenario, detection and alarm time, fire growth and spread, resident response and fire services’
response. In other words, informal settlement fires, and all fires for that matter, are highly
situational. This section provides an overview of technical aspects of fire response from the
perspectives of firefighters. While it was not possible for the authors to engage directly with
residents for this study, it is important to recognize their role in fire response, including before and
after the firefighters arrive. Residents are the first responders in a fire event and their capacity (or
8
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lack of capacity) for communications, evacuation and firefighting will impact everything, from the
development of the fire to their decision if/when to contact the fire services, and more.
It is also important to acknowledge how physical and socioeconomic vulnerabilities of informal
settlement dwellers may influence behaviour before, during, and after a fire. For example, persons
with disabilities, elderly persons, children, pregnant women, and others who may require
assistance to escape may be more likely to evacuate away from the incident than to assist with
firefighting.
Recovery from fire can be a long and difficult process, which can be exacerbated in informal
settlements where financial insecurity, insecure tenure, and a lack of insurance are common.
People may lose all their possessions, their home, and their livelihoods can be impacted. These
factors can affect how people behave during fire incidents. In South Africa, for instance, it is
common for residents to re-enter their dwellings to retrieve their most valuable belongings and
to fight the fire without protective equipment or sufficient water resources [25]. The impact of
retrieval of belongings on evacuation is a topic area which has been recognized as needing more
research within the Human Behaviour in Fire research community [26][27][28].
The firefighters interviewed highlighted several factors that often make their response to informal
settlement fires difficult and affect the time it takes to contain and extinguish fires.
Location. The dwellings in informal settlements are not always located near the streets, and if they
are, the streets often do not have adequate dimensions for the fire units to access them.
Therefore, attacking a fire entails creating long combinations of hoses. Sometimes the only
entrance available to reach the fire are through narrow streets, which often have steep slopes and
steps made of soil or wood. Firefighters use a range of technologies including aerial drones to plan
access during incidents.
Structure characteristics. The materials and methods of construction, dimensions, and the
resulting structural stability can influence fire behaviour. Most of the houses in San José informal
settlements have been constructed with flammable materials, as shown in Figure 3, such as wood,
cardboard, plastic, or materials that may enable heat transfer like corrugated steel sheets
(uncoated).
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Figure 3. Typical Dwelling Configuration at La Carpio (Authors’ photo. May 7th, 2019)
Other fuel loads within houses and settlements. Residents’ belongings both inside and outside of
their homes can act as fuel for the fire and contribute to fire behaviour and fire spread. Considering
the small compartment size of many informal settlement dwellings, a mattress and basic furniture
can be more than enough fuel to cause severe fires, with very short time to flashover, perhaps
even less than 1 minute. Furthermore, walls are often thermally thin with significant leakage. Fire
may spread to adjacent dwellings in just a few minutes. Combustible garbage and vegetation
surrounding dwellings can also help to increase the severity of the fire and act as a bridge for fire
spread between dwellings. If several dwellings become involved in a fire, fire behaviour sometimes
appears to be akin to wildfire behaviour, with a fire line of several dwellings spreading through a
settlement [5].
Access to water supply resources. Informal settlements usually lack basic services and city
infrastructure, including access to fire hydrants with reliable water supplies. It is common for
firefighters to respond to informal settlement fire incidents in locations without nearby fire
hydrants, or where available hydrants do not have reliable water supplies. When firefighters have
insufficient water, they depend on cistern trucks, which usually take more time to arrive at the fire
scene. Multiple cistern trucks may be required for larger fires and delays in additional trucks being
dispatched and arriving on scene may hinder firefighting efforts.
Topography and weather conditions. Some informal settlements in Costa Rica are on river edges,
mountain slopes, or in places with rugged topography. Thus, some of the properties are on steep
slopes and experience high wind speeds, which along with other weather conditions, can intensify
fire spread.
Floor plans and lack of structural integrity. There are several differences between fighting a fire in
informal settlements and in the suburbs. According to the firefighters interviewed, emergencies
in suburbs are easier to manage since those dwellings are normally constructed following the
10

Human Behaviour in Informal
Settlement Fires in Costa Rica

country’s construction codes and standards, thus, having stable housing construction and safer
communities. The informal settlements are more difficult regions to attend to due to complexities
associated with access and the features of the houses built.
The houses located in suburbs are divided by masonry walls, meanwhile, the informal settlement
houses are commonly divided by thin corrugated metal sheets, which intensifies the likelihood of
fire spread and collapse. However, a benefit of the metal sheet walls is that residents can
sometimes deconstruct them during a fire to escape, whereby masonry walls can more easily trap
residents attempting to evacuate during a fire. In suburbs, it is easier for the firefighters to rescue
people trapped in the property on fire since these houses have more standard floor plans and are
therefore easier to navigate compared to informal settlements dwellings. Firefighters interviewed
noted they can usually clearly identify the number of people living in dwellings in the suburbs and
therefore quickly figure out if search and rescue support is needed (and for how many people). In
contrast, overcrowding is common in informal settlements and the number of people living in a
dwelling is often unknown to firefighters, so thorough searches are needed. Despite these
significant search and rescue challenges, firefighters need to work quickly because the poor
structural integrity of dwellings in informal settlements presents a serious collapse hazard to
firefighters and residents.
Interactions with residents. In both formal and informal settlements, it is reported by the
firefighters that people’s behaviour is very group oriented and collaborative in response to fire.
Firefighters interviewed said that upon their arrival to a fire in an informal settlement, residents
will most likely be attempting to control the fire themselves. They noted that residents usually
want to support their firefighting efforts as well. Firefighters generally appreciate their willingness
to help, and therefore give them orders so they can support fire response in a coordinated way.
For example, residents may form bucket brigades to transport water to the fire and firefighters
may direct them. However, the firefighters also commented that even when the action was
helpful, these people sometimes risk their own lives and hinder firefighting efforts. Also, residents
often take their belongings out of their houses and place them in the alleys or the streets, which
further limits the space available to move and respond to the fire.
The firefighters interviewed noted they have observed aggressive behaviour more often in
responding to fires in informal settlements compared to fires in the suburbs. These firefighters
said they have received insults and threats, been stolen from, forced out of their fire truck upon
arrival on site, and in some cases, physically harassed. Of the firefighters interviewed, 25% of them
perceived that children partook in stealing equipment when this happened. While the firefighters
interviewed did not provide insights to the potential triggers of this behaviour, one firefighter did
note that residents sometimes seem frustrated that firefighters do not do what residents ask them
to do. The Fire Corps response plans to informal settlement fires now include the support of the
police on site due to these concerns.
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2.2.5 STRATEGIES AND EQUIPMENT USED TO FIGHT FIRES
The main resource used to extinguish fires is the application of water, but on some occasions,
firefighters use a combination of water and pressurized air to respond to the fire. The pressurized
air is mixed with various quantities of water to produce different mist densities. Firefighters
interviewed shared that the predetermined vehicular response for informal settlements is two fire
trucks (each with a thousand gallons of water) and a paramedic unit. In cases where the fire cannot
be controlled, reinforcements are then requested which include the dispatch of cistern trucks with
more water if necessary.
Upon arrival, firefighters first observe the fire behaviour to identify which techniques should be
used to control the fire. In Costa Rican informal settlement fires, firefighters mostly try to create
fire advance control lines, which means they destroy the houses near the fire to make space and
eliminate the surrounding fuel (i.e. fire breaks). This is performed to control the growth and spread
of the fire. There was no indication from the firefighters to whether community members in Costa
Rican informal settlements support this strategy, or not. Note, this technique has been observed
in other countries – e.g., it is referred to as ‘flattening’ in South Africa and as the creation of
‘spontaneous fire breaks’ in Syrian refugee camps in Lebanon [12].

2.2.6 SUPPORT TO COMMUNITIES
Once the fire is extinguished, firefighters have observed residents helping their neighbours who
suffered losses by sharing their belongings and providing comfort.
Immediately after the Costa Rican Fire Corps extinguishes a fire in an informal settlement, they
engage with the affected community to share fire safety good practices. The information they
share is mainly related to improving electrical connections, however other recommendations are
given regarding behaviours and physical changes to their living spaces, such as:
•
•
•
•
•
•
•

avoiding storing chemical products or fuels;
avoiding having dry grass surrounding the walls;
not leaving candles or open flames stoves unattended;
improving gas connections;
when performing welding jobs, informing their neighbours and having a fire extinguisher nearby;
avoid leaving children alone; and
implement the usage of flashlights instead of candles.
The firefighters, however, indicated that these recommendations are not usually implemented.
They believed this is predominantly because residents do not have the budget to improve their
condition.
To promote these preventative measures, the Fire Corps create campaigns, children’s camps,
prevention speeches, etc, with the main objective being to encourage prevention and raise
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awareness within these communities. Electrical companies also provide information, training, and
recommendations regarding safety for electrical connections.
Following a fire, several governmental institutions such as the National Commission of
Emergencies (CNE), Aqueducts and Sewers (AyA), the Municipal Committee of Emergency (CME),
the Ministry of Housing and Human Settlements (MIVAH) and the Mixed Institute for Social Aid
(IMAS) join with other non-governmental organizations like Obras del Espíritu Santo (Works of the
Holy Spirit) to activate their humanitarian response protocols for affected families, providing them
shelter, food, potable water, clothes, personal hygiene supplies, and subsidies, which may include
payment of rent in a formal leased apartment for three months.
It should be noted that this information was shared from the point of view of the firefighters and
related organizations. As there was no interaction with informal settlement residents in this study,
it is unsure if they are aware of these resources, or their ability to access them.

3.0 EL POCHOTE CASE STUDY
To meet the objectives and aims previously described, the authors examined a case study fire
that occurred on September 16th, 2019 at 4:19 pm, in the El Pochote informal settlement, located
in Barrio Cuba, Hospital district, San José Province. The reported cause of the fire was a failure in
the electrical system (not identified specifically to the powerlines, connection system nor a
dwelling itself). For this fire, seven fire stations dispatched firefighters and equipment in order to
achieve fire containment and extinguishment. Six of the stations were from San José and the other
station was from the Alajuela province. Once the fire was extinguished, the Fire Corps reported a
burned area of 2,400 m2, with 40 houses and 219 individuals directly affected, among which there
were 70 children [11]. Figure 4 show the totality of the informal settlement, the blue lines show
the boundaries which encompass an extension of 0.16 km2 and the red hatch represents the
burned area.
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Figure 4. El Pochote informal settlement and the representation of the burned region (shown in
red) [29].
Through the Costa Rican Fire Corps, the authors obtained 71 minutes of real time video footage
of the fire, as well as five aerial drone videos (10 minutes each) taken by a journalist from the San
José Municipality showing the damage post-fire (provided to the authors upon request for
publication). The authors received written permission to use the videos for research purposes
from the owners (the Fire Corps and the journalist) and university ethics clearances were then
performed where needed and appropriate. The films were blurred to remove possible
identification of individuals for publication.
The raw videos were analysed in order to better understand the behavioural actions during this
fire by residents and emergency response crews, as well as their interactions. The authors
attempted to objectively appraise the behaviours of firefighters and inhabitants observed in the
videos, while avoiding subjective comments that can mislead the reader’s interpretation. Section
4 will provide further discussion. The interviews presented above also enabled comparative
analysis of firefighter perceptions with observed actions from the videos.
Surveys and interviews with the population inhabiting the informal settlements were not
conducted mainly due to ethical and safety concerns relating to a lack of existing relationships and
appropriate resources to support the engagement. Furthermore, the authors’ institutions did not
grant safety and ethics clearance to enter the settlement, as the fire was perceived to potentially
be criminal before the fire investigation was completed [10] and it was not permissible to take an
investigative approach post-fire in the site for researcher safety consideration. It is also possible
that residents of the El Pochote settlement may not have wanted to contribute information,
considering the then ongoing investigation into the fire’s potentially criminal nature. If they did
share and it was of a criminal nature, sharing their opinions and information could leave them
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exposed to retaliation and fear for their welfare. For all the reasons described above, interviews
with residents were not carried out. The authors recommend engagement with residents should
be included in future studies if safety and ethics can be ensured.
To provide context for the behavioural study described in subsequent sections and the discussion
to follow, it is first necessary to describe the settlement’s socio-economic background and the fire
severity seen in the settlement. Despite the efforts of the authors to holistically undertake the
study of this community and this fire, it must be recognized that there is only limited information
available regarding the background, sociodemographic data, and physical features of this
community.
3.1 SETTLEMENT CHARACTERIZATION
The socio-economic and political context of the El Pochote settlement is critical to understand the
fire incident studied. Each settlement is unique, and researchers must seek to understand how
specific contextual factors, such as regional cultural factors, influence decision making and
behaviour (both daily and during a fire incident). The most recently available sociodemographic
data of the population inhabiting El Pochote informal settlement was from the last National Census
undertaken in 2011 [30]. A more contemporary survey is needed to draw demographic-specific
conclusions, although the earlier census is still useful in gauging a general understanding of
demographics within informal settlements in Costa Rica.
The census indicates that overall, there are approximately 2000 people living in El Pochote, with
an average of around 3.8 dwellers per household. Of the whole population, approximately 21%
have at least one disability documented (the type of disability is not described in the census).
Furthermore, there are an average of 2.5 children per family. The population consists of 8%
seniors (65 years or older). Among other socio-demographic indicators, 41% of the population are
unemployed, and only 59% of the population have high school education. Half of the population
has internet access via a computer, and approximately 75% have cell phones. All dwellings have
water and electrical access (which cannot be said for all informal settlements in Costa-Rica),
however only half are documented to have sewage access.
The census [30] also provides information to the condition of the dwelling structures: 20% of the
homes are considered to be in a state of disrepair; 42% are considered to be in regular state; and
38% are considered to be in good condition. The condition statements are subjective though as
the census does not provide information to what qualifies each condition state. Due to the
inconsistent nature of the structures, the ventilation conditions, construction materials and
building geometries of each unit are highly variable, resulting in varying fire loads and leading to
significant difficulty in estimating the potential fire dynamics. Of the dwellings themselves, 35%
are rented, 7% are borrowed, and the remainder are owned by the residents [30]. The census does
not give indication if ownership of the dwelling implies land tenure as well.
There is no specific information regarding on the possessions present within each dwelling, which
could provide a better understanding of a typical fire load in a settlement. However, it was
observed in the video footage described later that an abundance of furniture and technology (TV
and computers) exists within the settlement.
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3.2 FIRE CHARACTERIZATION
The fire within the El Pochote settlement started due to a short circuit within the south-western
corner of the burned area. The authors hypothesize that this fire could have been more severe
without the previous day’s rainy weather which pre-wetted the exterior of the buildings and
reduced the likelihood of ember-induced fire spread. The wind also directed the fire towards a
main transportation road (potentially serving as a fire break). On the day of the fire, the wind was
blowing with a maximum speed of 12 km/h in the southwest direction, carrying the fire to the
front road and the entrance of the settlement. Wind speed and direction can influence the spread
of the fire, via transport of flaming (pre-heated) materials (embers from combustible materials)
and by the fire plume orientation itself. If the wind had blown in the north direction, it likely would
have spread the fire in that direction due to the number of houses with overlapping proximity to
each other (exact measurements are not available).
To describe the size and severity of the fire from different angles, drone footage was referenced.
These pictures and videos show the fire damage footprint, and some of the activities performed
post-fire by the inhabitants of the settlement. One of these videos provides a view from above,
with the drone beginning near the ground and increasing in height until the full fire footprint can
be observed. Figure 5 shows the damaged footprint in detail.

Figure 5. Post-fire footprint with a burned area of 2,400 m2. (Drone footage photo by Jason
Fernández, September 17th, 2019 with permission)
Examining these videos enabled the authors to analyse the materials left after the fire, including
construction materials, and the general condition of the settlement. The videos show the following
building materials which are typical to informal settlements in San Jose: masonry, rusted metal
sheets, wood, steel tubes and steel hangers. Alleyways and pathways in the settlements are mud
with protruding stones.
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3.3 METHODOLOGY
The Costa Rican Fire Corps captured cell-phone camera footage (71:40 min) during the fire,
recorded by a member of the Strategic Communication Office. It showed the arrival to the site of
the fire units and continued until the situation was considered to be controlled by firefighters. The
video shows both firefighters’ actions, settlement dwellers’ actions, and the interaction among
them.
To contextualize the video that was analysed, Figure 6 illustrates the informal settlement in this
study. It illustrates the road names that have been established by the authors for descriptive
purposes. Figure 6 also locates an area described by the firefighters as ‘Sector 3’, which is
composed of a roofed alley created by surrounding houses. The video is in Spanish and required
translation by the authors post-filming.

Figure 6. Wind speed and author given names of the roads of the El Pochote informal settlement
fire. [31]
In the video, the cameraperson moves into several points of the settlement at different
timestamps, allowing the authors to observe and describe the magnitude of the fire at determined
moments and places. It should be highlighted that the start of the video occurs when firefighters
are on route to the scene and does not coincide with the time of ignition of the fire. It was not
possible to incorporate any insights to the fire’s timeline before the arrival of the firefighters.
3.4 RESULTS – FIRE BEHAVIOUR
A brief description of the development of the fire will be made using images within this section
followed by descriptions of behavioural and management observations in Section 3.5. Fire
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development is critical context that can influence behavioural actions of residents and firefighters.
Screenshots are provided herein to help the reader understand fire development, but many of the
observations described are not clear in only screenshots so description of the video footage is
provided to allow much deeper insights.
Figures 7 - 13 shows the path followed by the cameraperson. The filming path was divided equally
into spans of ten minutes, resulting in seven respective sets of images (I-VII). For example, Image
I shows the first ten minutes whilst VII shows the last ten. Furthermore, the numbered dots on the
associated maps show the locations were the camera stood at sequential key events.

3.4.1 Path I, illustrated in Figure 7, begins when fire units are just arriving to the settlement and

starting to develop the strategy to contain and extinguish the fire. At point 1 (02:44 min), dense
grey smoke and flames on the roofs can be observed. At point 2 (05:11 min), in the background of
the video, flames appear at the height of the ceiling. At point 3 (06:48 min), flames engulf at least
six dwellings. Later, at point 4 (08:34 min), there is a wider view of the event where the smoke
plume is completely vertical, indicating in that moment the wind is not blowing strongly in a
specific direction.

Figure 7. Screenshots of key events in Path I.

3.4.2 Path II shows the path along of the front road of the informal settlement. Figure 8 below
illustrates the points described. At point 1 (10:50 min), electrical flashes can be seen through the
smoke, and sounds resembling short-circuits are heard. At point 2 (12:33 min), flames can be seen
over several roofs behind the smoke. Beside the smoke cloud on the left, a thin black plume begins
to surge in the southeast direction. At point 3 (13:38 min), grey smoke in the sky can be observed.
At point 4 (16:44 min), the vegetation on the houses catches on fire and the flames surpass the
roof level. The first houses that were on fire (point 3, path I, Figure 7) are now collapsed. At point
5 (18:43 min), it can be observed that the fire is spreading quickly since approximately 8 houses
are on fire (more houses than in Figure 7 path I point 3 which is the same location). Finally, at point
6 (19:58 min), the houses which recently caught fire had flames over the roof and the fire is
spreading.
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Figure 8. Screenshots of key events in Path II.

3.4.3 Path III shows the main street and the front road of the informal settlement. Figure 9 below
illustrates the points described. At point 1 (21:20 min), the smoke plume was dense and dark grey,
and it was moving towards the south. Some suppression activities illustrate spraying of water along
the ceiling. The hose stream penetrates the (weak) ceiling and the cameraman gets wet. At point
2 (25:38 min), grey smoke can be seen, and the fire appears to be decreasing in intensity. At point
3 (26:12 min), around 60% of the houses observed to be burning are now extinguished. At point 4
(27:33 min), the cloud of smoke looks scattered but dark. At point 5 (28:19 min), a wider view of
the event can be seen. The smoke in the sky is light grey and scattered. Later at point 6 (29:56
min), another plume of a dark grey colour is accompanied by flames appearing in the right corner
of the screen. At that moment, the fire is at the entrance of the front road of the informal
settlement.
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Figure 9. Screenshots of key events in Path III.

3.4.4 Path IV At point 1 (30:57 min), very light grey smoke can be faintly seen. At point 2.a (31:30
min), flames and a dark, dense smoke column can be observed at the right side of the screen. Also,
a less dense and grey cloud of smoke can be observed at the left side of the screen. At point 3
(35:55 min), most of the fire is extinguished and only 20% of the remaining area is on fire when
compared to point 1, path III, Figure 9. At point 4 (36:36 min), the fire seems to be under control
compared to earlier (point 6, path II, Figure 8), but the houses on the left side of the fire are now
on fire (left side of point 4). The smoke appears disperse and light grey. The cameraperson returns
to point 2.b (38:27 min), where the fire at this location is now controlled when compared with the
first description of point 2.a at the same location. Figure 10 below illustrates the points described
in this subsection.
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Figure 10. Screenshots of key events in Path IV.

3.4.5 Path V covers the main street, the back road, and the side alley of the informal settlement.
Figure 11 below illustrates the points described. At point 1 (40:38 min), grey smoke is observed.
On closer inspection, at point 2 (41:20 min), flames can be seen at the smoke’s source. The hidden
alley seen in the background is the region given the name of ‘Sector 3’ by the firefighters. Then at
point 3 (45:35 min), firefighters and residents are standing, and light grey smoke can be seen. At
point 4 (47:25 min), the alternative alley to reach the fire from the back road can be seen. It has
stone steps and walking is uneven and difficult. At point 5 (47:59 min), light grey smoke in the alley
is at head height.
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Figure 11. Screenshots of key events in Path V.

3.4.6 Path VI follows a path back to the start. At point 1 (53:57 min), grey and scattered smoke can
be seen on the screen. Then at point 2 (55:53 min), the fire is almost extinguished after the last
observed reignition of the fire (point 2, path V, Figure 11), but smoke is still observed. Later at
point 3 (56:55 min), the fire is almost extinguished in comparison to how it was (point 4, path IV,
Figure 10) with an estimated 10% of the fire remaining. At point 4.a (57:10 min), the fire is almost
extinguished with just an estimated 25% left at this location, and several houses appeared to have
collapsed. The house on the left is completely involved in fire. At the same location, point 4.b
(58:11 min), the alley is fully covered with white smoke, which is moving up the street. Figure 12
below illustrates the points described above.
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Figure 12. Screenshots of key events in Path VI.

3.4.7 Path VII The cameraperson is back to the location he started. Figure 13 below illustrates the
points described. At point 1 (62:27 min), the fire is already extinguished but smoke is still observed.
At point 2 (68:05 min), there is light grey smoke that looks sparse in the sky. Finally, at point 3
(70:13 min), the cameraperson declares the fire as being under control and then finishes the
transmission.

Figure 13. Screenshots of key events in Path VII.
23

Human Behaviour in Informal
Settlement Fires in Costa Rica

3.5 RESULTS – BEHAVIOURAL RESPONSE AND MANAGEMENT ACTIONS
The available video footage enables for a timeline to be developed and for the analysis of the
behavioural and fire response actions performed by the inhabitants of the community, firefighters
and even police officers. In this section, a brief description of this timeline with observed
behaviours are provided. Analysis of the behavioural instances will be discussed in Section 4. It
should be noted that the behaviour of the inhabitants could change in relation with the magnitude
and severity of the fire, meaning that a different fire would show different human behaviour.
Therefore, the data shared in this paper is only representative of this particular fire and of the
human behaviour of a particular group of people at a specific moment of time. In a similar manner
to the previous section, the description of the actions will be presented into spans of ten minutes
to correspond to timings illustrated in Section 3.4.

Minute 00:00 to 10:00. At the beginning of the video, when the fire units are on their way, a man
is giving directions to the fire units from the middle of the street. When the units arrive at the site,
a group of approximately 45 people are gathered at the entrance of the settlement. They
predominately are comprised of women, children and animals (dogs). Then, more firefighters
arrive, including the chairman of the Fire Corps. As the fire is developing, men begin to help the
firefighters, mainly extending the hoses (Figure 15.a). A man approaches the chairman and tells
him “You need to attack from the other side of the site, you just need to move 25 meters.” The
firefighter decides to go and check. Near the middle of the front road, there is a hallway, identified
as ‘Sector 3’, which leads into the middle of the burning area. This hallway is covered with smoke
and flames. A woman can be observed watching this hallway and talking on the telephone. After
a while, she decides to enter (Point 2, Path I, Figure 7). She remains in the area despite the
impending danger from the fire and smoke surrounding her. Later, near the end of the front road,
around six local men are helping firefighters. One uses his shirt as face protection from the smoke,
leaving his upper body unprotected. At the same time, several men are lowering a blanket with
their possessions inside from the second story of a dwelling to the ground (Figure 15.b). A fire is
in the adjacent dwelling. Possessions are stored in an annex just adjacent to the front
entranceway. Several women stand near these possessions and are communicating on cell
phones.

Minute 10:01 to 20:00. Many fire units and firefighters are in the region, and local men continue
to assist them with hose allocation – including young boys who attempt to help after seeing older
men try. It should be noted that the people helping are all male (predominately appearing
between the ages of 20 and 35 years old). At this point, the police arrive on site and begin to direct
civilians out of the fire affected region. Residents start to retreat beyond a plastic caution tape
defining a perimeter that the police are setting up. This perimeter had the intention of clearing
the region, allowing the firefighters to move and work freely. At one point in the video, a policeman
says, "Let's park the motorcycles near the firefighters’ trucks, we need to prevent vandalism." This
indicates that they are there to keep the population in control and the fire units safe. A line of
police motorcycles is seen later in the video footage. During this time interval, the police officers
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(20 of them) begin forming a perimeter line that is continually relocated away from the fire
affected region. The perimeter slowly moves the residents who had already evacuated away from
the settlement to a point where they would not be able to see into the settlement (see Figure
15.c). The police officers appear not to let people return, and when they see a resident near the
firefighters, they begin to guide them to the perimeter line.

Minute 20:01 to 30:00. This time span (and the next) is mostly related to the management done
by the Fire Corps and the police. Firefighters can be seen working on the fire with administrative
firefighters (members of the Costa Rican Fire Corps who do not fight fires but oversee office
paperwork) supporting them by bringing hoses or oxygen tanks. At one point, the chairman of the
Fire Corps approaches the middle of the front road, in the hallway previously identified as ‘Sector
3’. He begins to assess the sector and decides to work inside this hallway; firefighters can then be
seen going back and forth to ‘Sector 3’. Meanwhile, outside the settlement, police officers are
closing the main street and setting up another perimeter further back.

Minute 30:01 to 40:00. At the beginning of this time span, a firefighter can be seen running
towards the entrance to receive orders from another firefighter. This one is asking for
reinforcements and says into the radio: "Send me all the water you can." At the entrance, some
firefighters that had been working since the beginning of the emergency are taking off their
equipment to rest.

Minute 40:01 to 50:00. In this lapse of the video, the cameraperson moves to the side alley. When
he is walking towards the side alley, he says that “Due the lack of hydrants, at the beginning of the
fire, the water supply was given by several enterprises near the area, then the source of water was
received by the cistern trucks.” When he arrives at this region, some men can be seen together
taking care of their belongings, including furniture and clothing, on one side of the alley.
Afterwards, policemen that were near the site begin trying to evacuate the dwellers but are
ignored. Moving deeper into the alley, a group of men (approximately 30) can be observed moving
back and forth to the fire affected region carrying buckets (Figure 15.d). Following this, a man yells
“we need more hoses” and begins to run. Behind him, there are two men following him to help.
Deeper in the alley, a man is climbing a roof and starts to run over the rooftops (Figure 15.e). The
people at the border of the alley are looking around, and they tell the guy on the roof that he
should watch out for the electrical wires near his head. Later, a firefighter moves into the area
with more hoses, so the men in the surroundings begin to pull, extend and connect the hoses.
Then, more men who were watching approach to help, but the firefighter shouts “People! Order!”

Minute 50:01 to 1:00:00. It is observed that getting out of the settlement is difficult. The
configuration of the alleys looks like a labyrinth and the cameraperson comments to this effect
and is lost. He receives help from the residents and some policemen until finally he returns to
where he was before entering the side alley. When he goes out, another perimeter has been raised
at this entrance by the police, and some officers are guarding the region and the belongings that
the residents left there. One of the men that was previously helping with the bucket brigade is
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arguing with an officer who is preventing him from (re)entering. He says that the firefighters sent
him to perform a task and now he is trying to deliver the message. It appears urgent and he thinks
the message is essential, but the police do not let him through.

Minute 1:00:01 to 1:11:40. Finally, the fire is mostly controlled, but the firefighters are performing
secondary investigations to identify remaining hot spots and to collect further information on the
fire spread. One administrative firefighter is reviewing the area with a drone (Figure 14). At this
point, some firefighters are getting out of the fire affected region, and the cameraperson says that
everything seems under control and the transmission ends.

Figure 1. Aerial drone use.
Table 2 illustrates sample behavioural actions as observed to be taken by the residents which are
seen throughout the video footage. Caution should be taken when consulting the table below, as
the identification of types of behaviour can be subjected to bias and subjectivity. To remove
subjectivity, multiple research team members reviewed these events separately, then the
observations were compared. Similar observations were noted. It is acknowledged that this
approach has limitations, as further discussed in Section 5. It should be noted that these are in no
way a comprehensive listing of all behavioural actions occurring or all actions seen on film. For
example, many cognitive biases associated with decisional stage actions would require surveying
residents to gain insights to their decision-making process. As the film is only from one perspective,
quantitative counts of each action are not listed. Instead, a listing of behaviours as observed to
correspond to the various stages of the film seen is provided.
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Table 2. Sample Resident Behaviours.
Sequence
time in videos
I
(0-10 minutes)

Resident Behaviours Observed
•

•

•
•
I, II
(0-20 minutes)

•
•
•
•

II, III
(10-30
minutes)

•

IV
(30 to 40
minutes)

•

•

•

V, VI, VII
(40 to 70
minutes)

•

People taking their possessions out of dwellings (these include
tables, fridges, stoves, TVs, food bags, plastic containers) trying
to save them from the fire (examples seen include the carrying
of a full couch by one individual).
Family roles are apparent as it is observed that men attempt to
fight the fire, children attempt to help men, and women tend to
stay with the furniture which often included having a dog
present. Women were also using cell-phones. (Figure 15.a)
Two men trying to lower down possessions from dwelling
wrapped in a sheet. (Figure 15.b)
Re-entry into the fire affected region to collect items. This is
stopped by assembled police force. (Figure 15.c)
Man telling the firefighter where he needs to work, firefighter
follows.
People giving advice to the firefighters.
Man giving instructions to companions acting as if he knows how
to extinguish fire.
Residents following the orders of the firefighters and police
officers. This involves staying behind a perimeter that was
established by the police.
Children see men helping firefighters with hoses, they try to help
as well.
Inhabitants start to remove their belongings after they have seen
their neighbours do so (identified through proximity by the
authors). They do this even when there is no direct threat of fire
to their dwelling.
Group of men and young boys begin to help firefighters with
water-buckets (forming a water bucket brigade) after first
resident (a man) begins – residents appeared to copy his
behaviour though it is unclear to the order of actions that may
have occurred off camera. Buckets range in size – small buckets
which are practical for firefighting up to drums which are too
large to practically move and use for firefighting. (Figure 15.d)
Men and young boys helping the firefighters without any
personal protective equipment, some of them cover their faces
with their shirt which leaves their bodies uncovered.
People moving back and forth in hallways or houses without
apparent stress.
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•
•
•

Man climbing a roof, exposing himself to potential danger from
fire or electrical wires. (Figure 15.e)
Children playing in playground with women.
People looking around, watching the fire behaviour and how it is
developing.

The following image depicts the behaviours described in the paragraphs and the table presented
above.

Figure 15. Behaviours observed from the video footage.

4.0 DISCUSSION
While some resident behaviours observed appear to be consistent with existing behavioural
framework and behavioural theories, the authors have not classified these behavioural actions
directly under contemporary behavioural frameworks due to a lack of appropriate evidence from
this fire and from other informal settlement fires. Some behavioural frameworks like PADM use
methods based on the processing of information from social and environmental cues in the early
stages of emergency detection. Others, such as heuristics, the transactional stress model, and
security motivation system are also mostly applicable to pre-decisional stages [32]. In the present
case study, the video footage does not include imagery from the beginning of the fire, thus, there
is little evidence that allows the authors to classify the actions performed by the inhabitants using
frameworks reliant on pre-decisional behaviour. To validate a provisional PADM theory in the
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context of informal settlement fires, for example, more diverse case studies would need to be
analysed, which rely on both video footage and engagement with residents, to better grasp the
full pre-decisional and decisional processes over a range of fire scenarios. As such, using the data
from the present case study, a particular theory or framework could not be validated. The data,
however, is useful to build upon and should be considered in future research. As for other theories,
such as the Theory of Planned Behaviour (TPB) that has been applied to building fire evacuation,
the authors found that they do not apply to unplanned behaviours like the ones observed in the
video footage of the case-study. Finally, the hazard to action chain model theorem is not
considered applicable for the case-study (at least not yet), since it has not been determined if this
model is suitable to fire emergencies [32].
Notwithstanding behavioural theories that cannot be linked to El Pochote case-study, there are
several behaviours observed in the video footage that are similar to behaviours seen in other fire
incidents. As Thompson et al. [33] note in their review of dwelling fires, where evidence of people
attempting to tackle fires, movement through smoke, re-entry behaviour, and clear differences
between males and females in behaviour and frequency of certain behaviours (males were more
likely to exhibit firefighting behaviours whereas females were more likely to alert others and exit
the property) has been observed.
More precisely, Table 2 in the previous section illustrates a number of unique behaviours as
observed relative to the stage of the video. Internalization or the need to collect an individual’s
possessions or objects seems predominate in the early stages of the video (sequence I). It is not
clear whether these actions depend on the pre-decisional mindset of the resident, are influenced
by the fire itself, or depend on the knowledge that the police officers will eventually stop their
access to the site. At this initial stage in the video footage, a gendered response is noted, which
appears to follow roles somewhat independent of age of the resident (men are fighting the fire,
where women are guarding possessions and children). This observation is then followed by a clear
indication of a positive normative social influence regarding residents’ firefighting efforts (II, III,
IV). Actions such as removing belongings altogether, and the formation of bucket brigades are
more specific positive examples of a normative social influence shared amongst the residents. The
remaining footage demonstrates multiple instances of information processing and the milling of
groups of people regarding the situation (V-VII). These are only a sample of the behavioural actions
exhibited in what appears to be the decision-making stage of the fire event. The behaviours do
exhibit a sequential operation of protecting possessions after the defence of their and their
neighbour’s structures. It would appear that the authorities’ crowd control influenced the role the
residents played.
It should be noted that the behavioural responses of the population observed in this paper are
only specific to the fire event on September 16th and to the degree to which it was recorded on
film. Most behavioural actions by residents were in response to the events occurring at that
instant, as observed within portions of the footage. Other portions of the footage showed
operational measures being taken by the firefighters. For example, there is limited footage of
evacuations taking place from the settlement itself. Most of the footage shows re-positioning of
belongings to controlled areas by the firefighters and localized resident evacuation from dwellings.
The observed evacuation appeared to be carried out by approximately 20 police officers on site,
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who managed a controlled perimeter, which was re-positioned approximately every 5 minutes to
move residents approximately 10m further away from the area affected by the fire. Most of the
evacuation process began prior to the cameraman arriving but continued during filming.
When it comes to evacuation dynamics, it was observed that upon arrival of the cameraman,
approximately 45 people were at the entrance way. These were predominately women and
children, as well as people with visible disabilities (wheelchair users for example) and various
animals (dogs). The entrance way to the settlement was also used to store possessions. A more
severe fire may have provoked different resident responses as well as management of the fire,
however, speculation about such differences is beyond the scope of this paper, as all the informal
settlement fires are unique. Consequently, this can affect the response of the population and the
way the firefighters manage the situation. Furthermore, it is not possible to generalize the
observations made in this case study to other informal settlements without more case studies to
compare to.
The authors also observed similarities of behaviours to those reported in other literature sources
on informal settlement fires. For example, Cicione et al. (2019) performed interviews with
firefighters in the Western Cape, South Africa, and hypothesized that informal settlement dwellers
are often afraid to share how a fire started if it was related to arson or to negligence on their part,
because they fear retaliation from other residents, e.g., someone might set their dwelling on fire
[34]. Also, Kahanji et al. (2019) stated that if an individual knows that they were linked to the start
of a fire, they may be unwilling to admit such details, even if accidental, due to fear of reprisal
from neighbours who have lost their homes [25]. Similar behaviours can be attributed to the
residents of El Pochote regarding information contributions about the fire ignition causes,
according to interviewed firefighters.
Other similarities with the case study were found in the research about the 2017 Imizamo Yethu
(IY) South Africa fire, described by Kahanji et al. (2019) [25]. In this paper, the observations
identified the tendency of the inhabitants of the IY settlement to store amounts of hazardous
items, such as bottles of kerosene in their homes, and the involvement of the local residents in
both trying to save their possessions and trying to evacuate the area, making the access and
escape highly restricted. In both fires (IY and the El Pochote case study), the firefighters reported
a number of verbal and physical abuses by the local residents during the incident. In the IY fire
however, a resident cut a hose being used by firefighters and redirected the water onto their own
dwelling [25]. This was not observed in the inhabitants of El Pochote during the fire. It is known
that during these conflagrations, an effort to have a police escort was made in both fires.
Comparing the answers received by the firefighters interviewed in this study and the
commentaries stated in Kahanji et al.’s research paper, it was noted that both fire brigades have
experienced theft when attending fires in informal settlements.
Other behaviours, however, were observed both by the firefighters as well as in the video footage.
This allowed for the validation of the information gathered through the interviews since most of
the behaviours observed aligned with the perceptions of the fire brigades. For example, as stated
by the firefighters, residents took out their belongings outside their houses and located them over
the alleys and they were also moving around the fire zone impeding the free movement of the
firefighters, leading to the lifting of the perimeter by the authorities. Nonetheless, from the
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constructive perspective, the community rapidly formed a bucket brigade with the main intention
of helping the firefighters to tackle the fire. During the video, the firefighters began to work with
them as a team, since both shared the same goal. Finally, it was observed that several inhabitants
were trying to get information risking their life, as the woman going back and forth into an alley
on fire, or the men walking over the roofs or trying to help to extinguish the fire without any
protective equipment that was available to the firefighters.
The methodology used within this paper is provided for other researchers to follow when
collecting information regarding human behaviour in fire events in Costa Rican informal
settlements and elsewhere. For the documentation of future case studies, it is proposed that
following the steps used herein will assist others for comparing with the authors datasets:
1. Stakeholder engagement should be made with both firefighters and the local community.
While in the case of this study, it was not possible to engage the residents for
confirmation of certain behavioural actions, there was supplemental data generated by
the fire brigade, and valuable footage of the fire incident was studied. In the event of
video footage to be analysed, subjectivity must be reduced through screening by multiple
researchers. Video footage including as much of the settlement as possible and from
multiple vantage points may capture more behaviours.
2. Contextual data on demographics and socioeconomic status of the community, from a
census for example, is critical to inform analysis of human behaviour.
3. A description of the conditions and informal settlement features should be gathered,
such as access, configuration, street widths, alleys, and building make and condition.
4. The fire dynamics observed in the fire event should be described and if possible be
explained, including the possible influence of environmental conditions.
5. The timeline of the event and the response by the fire brigades and other intervenors
should be depicted, as well as analysis of the human behaviour of the residents.
6. Post-event surveying with community stakeholders to explore behavioural actions
observed.

5.0 LIMITATIONS AND FUTURE WORK
The limitations faced during the research process were mainly related to the absence of
information available to the authors. There is an extensive gap of knowledge regarding human
behaviour in fires in informal settlements, which includes:
•

•
•

Lack of research and understanding of the subject. There is very limited literature related
to human behaviour during fires in informal settlements, and insufficient evidence and
insights to observed behaviours and key factors influencing human behaviour during fire
emergencies;
Lack of appropriate behavioural theories and frameworks applicable to this context. The
relevance of existing theories cannot yet be evaluated due to limited evidence available on
informal settlement fires, and limited research attempts to carry out this type of work; and
Absence of statistical fire incidence data, and data on sociodemographic and economic
factors of informal settlement communities. In Costa Rica, these databases are not
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updated by any institution, and (to the authors knowledge) no one gathers the background
or physical features of this settlement.
It is therefore not possible to apply definitive contemporary behavioural frameworks and theories
to this case study at this time. Future research should consider testing a range of behavioural
models from those illustrated earlier (and others), identifying where and in what sense they may
be applicable. If they are not applicable, future research may propose a behavioural model unique
to informal settlement fires that can begin to incorporate the range of behaviours seen in multiple
communities. It is also considered by the authors that it would be a good practice to analyse some
frameworks previously developed, as frameworks related to the application of forensic fire
investigation principles to informal settlements [35] among others can be useful for the creation
of a framework suitable for the specific region. By developing such a framework, it would then be
possible to create a fire response plan that stakeholders could utilise to mitigate and prevent life
loss, injury, and excessive damage. Insights from behavioural response could inform investments
in fire risk reduction – mitigation, preparedness, and recovery, as well as response.
Another limitation was regarding the viewpoint of the community members since this study did
not include the survey of the inhabitants of El Pochote informal settlement. This should be
considered in future studies but may be prohibited due to the complex socio-governance of the
communities themselves as well as stringent ethical considerations.
A limited overview of fire behaviour has been supplied to provide context of the behavioural
response. There is a lack of research and understanding of enclosure fire dynamics in informal
dwellings, which are highly heterogeneous, and with fire behaviour of informal settlement fires in
general. In this study, it was observed that informal dwellings did not maintain integrity from the
firefighters’ hose streams during the suppression phase. Some of the dwellings filmed exhibited
post flashover characteristics with abundant ventilation from gaps in construction driving the fires
(see Figure 16). These dwellings often do not have formal planning (from the structural and fire
safety perspective), excessive ventilation and use poor materials and construction techniques,
which make them difficult to study.
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Figure 16. Dwelling fire in distance, showing ventilation gaps and post-flashover behaviour.
Another limitation was regarding the subjectivity attached to the identification of the behaviours.
The authors analysed this video individually, permitting each member to determine the actions
that they observed, then the actions were discussed and matching behaviours between analyses
were selected. While the authors were being objective, there was no strict methodology related
to information gathering and reliability analysis from video footage, as used by Kopenhaver-Haidet
et al. which used computation reliability coefficients to measure the internal consistency when
rated by different individuals [36]. The information gathered herein provides a descriptive
qualitative account of the events within this context.
It is important to reiterate that the observations seen herein may not be generally applicable to
all informal settlements in Costa Rica or internationally. Every informal settlement is unique, as is
every fire. Various socio-economic differences regionally make comparisons particularly difficult
in Costa Rica, as well as varying fire brigade response practices which are highly dependent on
community relations. It is encouraged that future researchers should carry out more investigations
into fires in informal settlements, including different fires in the same settlements and fires in
different informal settlements. This would help to improve the entire research community’s
understanding of fires in informal settlements and enable research on potential risk reduction
interventions, which could be used for the development of local Community Fire Safety Strategies.
Further research is needed to investigate methods of firefighting used by communities and to
learn about informal training that takes place between community members with regards to fire
safety, even if it is not referred to as fire safety training – e.g., a mother teaching child to not play
with matches or to go near the stove when she is cooking.
This paper is a first stage. It aims to support future research, being a foundation upon which
additional evidence of human and fire behaviour in informal settlements can be compiled. Future
researchers are encouraged to collect more information about fire response and behavioural
aspects that can be detected when larger fires occur. The authors acknowledge that the fire in this
case study is not as severe as it could have been under different climate conditions (drier
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conditions, unfavourable wind direction, etc.). It is understood that the fire was relatively smaller
in size compared with other fires that have been documented in Costa Rica in past years in other
informal settlements. For example, in November 26th, 2016, the informal settlement “Los trillizos”
located in Leon XII district, Tibás canton, experienced a 3000 m2 damage region leaving more than
180 people without housing and had six fatalities. On January 15th, 2020, the “Los Sauces”
informal settlement located in the Guararí neighbourhood, which belongs to the San Francisco
district, inside Heredia canton, had a fire that destroyed 189 houses covering an area of 8400 m2.
The El Pochote case study herein was only 40 houses located in 2400 m2.
Once additional data is compiled, the authors and others will be able to address a more specific
fire response framework for the community. Proposing one now for this specific region would be
premature. Future work may draw upon other disasters for a resiliency approach should it be
applicable, and it should also consider those proposed elsewhere and how they are applicable
here. It would, however, be a premature endeavour with only one fire case study to draw upon to
enable a framework with supplemented data from other disaster types or other regions where
settlements have been more extensively studied.

6.0 CONCLUSIONS
This research paper analysed human behaviour in a fire in an informal settlement. Analysis was
based on a video footage of a fire in El Pochote, located in San José, the capital of Costa Rica. The
response principles used by the firefighters to control the fire, the behavioural actions by the local
inhabitants during the fire, and the interactions between the firefighters and the locals were
explored in this paper. A number of aspects that make it difficult to study fires in informal
settlements were discussed in this study, including the complex social interactions which are highly
situational, such as density of the informal settlements, their expansion, education,
unemployment and other demographics that may play a role in human behaviour in fire. As well,
it is generally known that many fires in informal settlements are never reported to the fire
department because they are managed by the community, and further firefighting support is not
needed.
This study contributes to informal settlement fire research by providing a foundation upon which
additional evidence of human and fire behaviour in informal settlements can be gathered and
compared. While behaviours of the residents were often consistent with the existing behavioural
frameworks, e.g. PADM, the authors observed that the current frameworks lack empirical
evidence to be applied to human behaviour in informal settlements. Nonetheless, these theories
can provide a base upon which researchers can build and form theories applicable to the context
of informal settlements. To this extent, this paper outlined and undertook the preliminary research
steps needed to show how future studies can better examine human behaviour in informal
settlements.
Several key findings were presented that pertain to the behaviours of the firefighters and the
locals. According to the members of the Costa Rican Fire Corps, civilians intervene in their fire
extinction efforts, thus the firefighters have opted to work alongside the communities rather than
fighting against their involvement throughout the fire containment and extinguishment process.
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However, behaviours that are counter-effective, reported by the firefighters as well as in other
studies, were not observed in the El Pochote fire video footage.
Nonetheless, some resident behaviours were observed to mirror those in the existing literature,
such as attempting to tackle fires, movement through smoke, re-entry behaviour, and clear
differences between males and females in behaviour and frequency of certain behaviours (males
were more likely to exhibit firefighting behaviours whereas females were more likely to alert
others and exit the property). In addition, novel bold actions by some residents, such as walking
on the roofs, passing alleys while firefighting operation was taking place, and blocking the alleys
with personal belongings, were observed.
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